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Single layers of C60 mono- and bis-adducts have been obtained by functionalizing an acid-terminated self-assembled monolayer
(SAM) of thiols on gold. X-ray photoelectron spectroscopy demonstrated the grafting onto the SAM by covalent bonding, via the for-
mation of an amide bond, while cyclic voltammetry and electrochemical impedance spectroscopy provided information on the redox
properties of the C60-ﬁlms, as well as on structural characteristics.
 2006 Elsevier Ltd. All rights reserved.
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Fullerene and C60 derivatives represent a highly appeal-
ing class of molecules for their photo-, electrochemical and
physical properties, which can be used for developing new
materials or devices, applicable in several areas of biologi-
cal [1–3] and technological interest [4–8]. The desire to
exploit the fullerene properties encouraged the synthesis
of diﬀerent types of functionalized fullerenes [9]. One of
the various applications of such molecules concerns the
biological domain, where opportunely derivatized fulle-
renes already demonstrated their usefulness in the DNA
photocleavage [10–12], as radiotracers in magnetic reso-
nance or X-ray imaging [13,14], and as drug carriers
[15,16]. Obviously, an essential condition for the use of
modiﬁed fullerenes in a biological environment is that they0008-6223/$ - see front matter  2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.carbon.2006.05.024
* Corresponding author. Tel.: +32 081 72 4714; fax: +32 081 72 4707.
E-mail address: francesca.cecchet@fundp.ac.be (F. Cecchet).are soluble in water. One class of water-soluble fullerenes is
represented by fullerene mono- or bis-adducts having
hydrophilic chains linked to the cage through a pyrrolidine
ring [17,18].
Chemical modiﬁcation of fullerenes is also useful for
grafting them onto surfaces [19,20]. In this way fulleropyrr-
olidine derivatives may play a relevant role in the design of
novel molecular electronic devices [21]. A method often
used to anchor macromolecular units onto a solid surface
is the functionalization of a self-assembled monolayer
(SAM) of alkanethiols (see for example [21–33]). The suc-
cess of SAMs is due to the simplicity of the experimental
procedure to prepare the ﬁlms, their reproducibility and
the possibility to create a wide range of surfaces via the
incorporation of diﬀerent groups at the end of the alkyl
chains. These end groups allow grafting of various types
of molecules onto a surface and serve therefore as a start-
ing point from which to build up more complex molecular
architectures. In this work the mono- and bis-adducts were
Fig. 1. Representation of (a) mono-derivatized C60 and (b) bis-derivatized C60 investigated in the present paper; (c) 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (EDCI), (d) 11-mercaptoundecanoic acid (11-MUA), (e) representation of 1-SAM and 2-SAM.
F. Cecchet et al. / Carbon 44 (2006) 3014–3021 3015chemically anchored on the surface of an acid-terminated
self-assembled monolayer on gold (Fig. 1e) with the aim
to investigate the structural and electrical properties of
these thin ﬁlm structures by X-ray photoelectron spectros-




Mono- 1 and bis-adduct 2, schematically shown in Fig. 1a and b,
were synthesized as previously reported [18]. The mono-adduct was
deprotonated by triethylamine, while bis-derivatized C60 molecules were
deprotonated in a KOH solution (pH = 11). 1-(3-Dimethylaminopro-
pyl)-3-ethylcarbodiimide hydrochloride (EDCI, 98+% Aldrich) (Fig. 1c),
11-mercaptoundecanoic acid (11-MUA, 95% Aldrich) (Fig. 1d), chloro-
form and dichloromethane (HPLC grade, Acros) were used as supplied.
2.2. Sample preparation
Evaporated gold ﬁlms supported on Si(111) wafers (IMEC, Belgium)
were used as substrates in this study. Immediately before being employed
they were cleaned in an ozone discharge for 15 min, and sonicated in eth-
anol for 20 min.
2.2.1. Mono-adduct C60 ﬁlms (1-SAM)
We prepared two types of ﬁlms: a thick bulk-like ﬁlm of 1 was spin-
coated onto the gold surface in atmospheric conditions, using a 1 mM
dichloromethane solution of the molecule. The spin-coating equipmentwas a Specialty Coating Systems (SCS) Model P6700. Single layers of 1
were formed by covalently bonding to carboxylic acid-terminated self-
assembled monolayers (SAMs). Carboxylic acid-terminated SAMs were
prepared by immersion of the gold substrates in a 1 mM chloroform solu-
tion of 11-MUA (11-mercaptoundecanoic acid) for 21 h. The samples were
rinsed in chloroform and dried under argon before characterization by
XPS (X-ray photoelectron spectroscopy) [34]. For grafting 1 by chemical
bonding, the carboxylic acid-terminated SAMs were immersed in a 1 mM
dichloromethane solution of EDCI (1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride) and 1 for 75 h. EDCI serves as activator
for the reaction [23,34]. The modiﬁed surfaces were each rinsed and soni-
cated for 30 s in the pure solvent and dried under a stream of argon prior
to analysis by XPS and by electrochemistry.2.2.2. Bis-adduct C60 ﬁlms (2-SAM)
As for 1, two types of ﬁlms were prepared with 2: a thick bulk-like ﬁlm
was deposited on gold by spin-coating, starting from a 1 mM aqueous
solution of 2. Single layers were prepared by chemical bonding to the
acid-terminated monolayer of 11-MUA, as described for 1-SAM ﬁlms,
starting from a 1 mM aqueous solution of EDCI (1-(3-dimethylaminopro-
pyl)-3-ethylcarbodiimide hydrochloride) and 2. The modiﬁed surfaces
were each rinsed and sonicated for 30 s in water and dried under a stream
of argon prior to analysis by XPS and by electrochemistry.2.3. Instrumentation
High-resolution X-ray photoelectron spectroscopy (XPS) measure-
ments were performed using a SSX-100 (Surface Science Instruments)
photoelectron spectrometer with a monochromatic AlKa X-ray source
(hm = 1486.6 eV). The energy resolution was set to 0.92 eV and the photo-
electron take-oﬀ angle (TOA) was 90. All binding energies were
3016 F. Cecchet et al. / Carbon 44 (2006) 3014–3021referenced to the Au4f7/2 core level [35]. The base pressure in the spec-
trometer was in the low 1010 Torr range. Spectral analysis included a lin-
ear background subtraction and peak separation using mixed Gaussian–
Lorentzian functions, in least squares curve-ﬁtting program (Winspec)
developed in the LISE laboratory of the Faculte´s Universitaires Notre-
Dame de la Paix in Namur, Belgium.
Cyclic voltammetry (CV) and electrochemical impedance spectroscopy
(EIS) experiments were performed in a 0.1 M tetra-n-butylammonium
hexaﬂuorophosphate (TBAH) dichloromethane (DCM) solution using a
two-compartment electrochemical cell ﬁtted with a saturated calomel elec-
trode (SCE) and a platinum spiral as counter electrode. The reference elec-
trode (Amel, Milan) compartment was separated from that containing the
working (surface area ca. 0.5 cm2) and counter (surface area ca. 5 cm2)
electrodes by a glass frit. Solutions were previously degassed by bubbling
Ar through them. CV and EIS experiments were carried out with an Auto-
lab Model PGSTAT 30.
3. Results and discussion
3.1. XPS characterization
Fig. 2 shows the photoemission spectra of the C1s core
level region of 11-MUA monolayer (Fig. 2a), of 11-MUA
functionalized with 1 (Fig. 2b) and of 11-MUA functional-
ized with 2 (Fig. 2c). In the spectrum of 11-MUA SAM
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Fig. 2. Photoemission spectra and ﬁt of the C1s core level region for (a) a
ﬁlm of 11-MUA, (b) a 11-MUA ﬁlm functionalized with mono-derivatized
C60 and (c) a 11-MUA ﬁlm functionalized with bis-derivatized C60.to the aliphatic carbons of the alkyl chains, the peak at
285.8 eV (b) is due to the aliphatic carbon atom bound to
the acid group, while the peak at 289.6 eV (c) corresponds
to the carboxylic carbon atoms [23,36,37]. The spectra
recorded for the C60 modiﬁed 11-MUA SAM surfaces
(Fig. 2b and c) show several diﬀerences compared to the
one recorded for 11-MUA, testifying to the diﬀerent chem-
ical environments for C atoms in the derivatized C60 mol-
ecules. Fig. 2b illustrates the mathematical reconstruction
of the experimental data recorded for 11-MUA functional-
ized with 1: the ﬁrst peak (1) at 285.1 eV contains the con-
tributions from the carbon atoms of the C60 cage and from
the aliphatic carbon atoms of 11-MUA [23,38]. Peak (2) at
285.9 eV corresponds to the aliphatic carbon atoms bound
to nitrogen in the chain of 1. The third peak (3), at
287.0 eV, stems from carbon atoms bound to oxygen spe-
cies in the chain of 1 while feature (4) at 289.1 eV can be
attributed to unreacted carboxylic carbon atoms of the acid
group of 11-MUA. Finally, a shake-up feature associated
with the C60 cage atoms can be distinguished around
291.0 eV [38]. The C1s core level spectrum of 2-SAM
(Fig. 2c) clearly testiﬁes to the successful grafting of the
molecule on top of the 11-MUA ﬁlm. In fact, similarly to
the analysis carried out for the 1-SAM, the ﬁtting proce-
dure for this spectrum allows to identify a ﬁrst peak (1)
at 285.1 eV which is mainly due to the C60 cage atoms
but also contains contributions from the aliphatic carbon
atoms of 11-MUA; peak (2) at 285.8 eV is assigned to car-
bon atoms bound to nitrogen atoms of the chains of 2. The
spectral signature of carbon atoms bound to oxygen species
of the chains of 2 is found at 287.0 eV (3): the intensity of
this component is more important than the corresponding
one in the spectrum of 1-SAM, because 2 has two identical
tails in instead of one. Contribution (4) at 289.4 eV is
attributed to the unreacted carboxylic carbon atoms of
the acid group of 11-MUA and the shake-up feature asso-
ciated with the C60 cage is found around 290.8 eV.
Figs. 3 and 4 show the photoemission spectra of the N1s
core level of 1-SAM and 2-SAM, respectively. The bottom
panels in Figs. 3a and b represent the spectra of ﬁlms pre-
pared by spin-coating. These spin-coated ﬁlms should be
representative of the molecules in a bulk-like phase, where
no speciﬁc chemical interaction with the substrate is pres-
ent and where the structure is not inﬂuenced by a templat-
ing interaction. These spectra give the reference binding
energy values of the chemical moieties of the molecules
and allow us to identify the binding energy chemical shift
of the nitrogen atoms localized at the end of the tails when
they are involved in the reaction with the acid groups of 11-
MUA.
The spectrum of 1 spin-coated on gold (Fig. 3a, bottom
panel) can be reconstructed with two components situated
at 399.3 and at 402.3 eV: the ﬁrst is due to the pyrrolidine
nitrogen and to the deprotonated amine nitrogen end of the
chain, while the binding energy of the second peak is char-
acteristic of a protonated amine nitrogen [39]. The latter
indicates that the starting solution contains 1 in both




















chemical bonding on 11-MUA
408 405 402 399 396
spin-coated on Au  
-NH2 bulk-like
399.4 eV


















chemical bonding on 11-MUA
-HN-C=O
399.8 eV




Fig. 3. Photoemission spectra and ﬁt of the N1s core level region (a) for a spin-coated ﬁlm of mono-derivatized C60 on gold (bottom panel) and a
11-MUA ﬁlm functionalized with mono-derivatized C60 (top panel), and (b) for a spin-coated ﬁlm of bis-derivatized C60 on gold (bottom panel) and a
11-MUA ﬁlm functionalized with bis-derivatized C60 (top panel).
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Fig. 4. Part A: (a) cyclic voltammetry curve (full line) of 2-SAM on gold in 0.1 M TBAH, CH2Cl2 solution, scan rate: 20 mV/s. T = 25 C, and of a bare
11-MUA SAM on gold (dashed line); (b) electrochemical impedance spectrum (z-plot, see text) of 2-SAM on gold in 0.1 M TBAH, CH2Cl2 solution.
E = 0.6 (squares), 0.7 (circles), 0.9 (triangles), 1.0 V (diamonds). Part B: (a) cyclic voltammetry curve (full line) of 1-SAM on gold in 0.1 M TBAH,
CH2Cl2 solution, scan rate: 20 mV/s. T = 25 C and of a bare 11-MUA SAM on gold (dashed line); (b) electrochemical impedance spectrum (c-plot, see
text) of 2-SAM (squares) and 1-SAM (circles) on gold in 0.1 M TBAH, CH2Cl2 solution.
F. Cecchet et al. / Carbon 44 (2006) 3014–3021 3017forms, protonated and deprotonated, respectively. When 1
is chemically bonded to the acid-terminated self-assembled
monolayer, the N1s photoemission spectrum (Fig. 3a, toppanel) does not show the component at higher binding
energy and the spectrum is characterized by a main compo-
nent centred at 399.6 eV, which means that only deproto-
Table 1
Comparison between experimental atomic percentages derived from the
photoemission peak areas of a 11-MUA ﬁlm functionalized with 1 and 2
and theoretical values calculated for coverages of 25% and 30%,
respectively
1-SAM exp. 1-SAM th. 25% 2-SAM exp. 2-SAM th. 30%
%C 84.1 ± 1.7 87.5 81.1 ± 1.6 86.4
%O 10.2 ± 0.5 7.8 15.5 ± 0.8 8.0
%S 3.9 ± 0.4 3.2 1.6 ± 0.2 2.5
%N 1.8 ± 0.3 1.6 1.8 ± 0.3 3.0
N/S 0.5 ± 0.1 0.5 1.2 ± 0.2 1.2
The error on the experimental atomic percentages was estimated to be 2%
for C, 5 % for O, 10% for S and 15% for N.
3018 F. Cecchet et al. / Carbon 44 (2006) 3014–3021nated 1 are grafted to the surface. The peak is quite large
(FWHM = 1.8 eV), with respect to that at 399.3 eV
(FWHM = 1.3 eV) of the spin-coated ﬁlm. This can be
explained recalling that the pyrrolidine amine nitrogen is
not involved in the bonding to the acid group, while the
chain nitrogen atom evolved here into an amide nitrogen
environment [39], resulting in the shift to higher binding
energy of the latter component and hence the peak broad-
ening. The spectra of 2 spin-coated on gold (Fig. 3b, bot-
tom panel) and of 2-SAM (Fig. 3b, top panel) give
similar information. Both contain a higher binding energy
peak, at 402.9 eV, assigned to the N-methylated pyrrolidine
nitrogen. In the spin-coated ﬁlm the lower binding energy
contribution at 399.4 eV (FWHM = 1.3 eV) corresponds
to the terminal amine nitrogen. However, in the ﬁlm where
the molecules are chemically bonded to the 11-MUA SAM,
the lower energy peak is found at 399.8 eV with a FWHM
of 1.8 eV, which testiﬁes to the existence of two diﬀerent
chain contributions, the amine nitrogen atom of the
unbound tail and the amide nitrogen atoms bound to the
acid groups. The latter are characterized by a peak shifted
to higher binding energy, and are hence responsible for the
broadening of the spectral feature. This data suggests that
C60 bis-adducts in the 2-SAM have one of the chains not
interacting with underlying surface, and, because of the
trans-2 C60 pattern, the free tail probably points out from
the surface.
The quantitative analysis of the photoemission spectra
allows gaining information on the yield of functionaliza-
tion of the SAM surface. From the photoemission peak
areas we calculated the atomic percentages for each ele-
ment present in 1-SAM and 2-SAM and compared these
percentages with the theoretical values expected on the
basis of the chemical composition of the ﬁlms. The error
on the photoemission peak areas was estimated depending
on the signal-to-noise ratio in the spectrum for each ele-
ment: the carbon and oxygen signals are well deﬁned
and the error was found to be 2% and 5%, respectively.
The sulfur and nitrogen signals are weaker, producing a
noisier experimental curve, and therefore a more substan-
tial error in the peak area, estimated at 10% and 15%,
respectively. To estimate the amount of 1 and 2 grafted
onto the SAM surfaces, we considered a model surface
of 100% thiol chains and computed the atomic percent-
ages expected for C, O, S and N based on the chemical
composition of the molecules, for diﬀerent coverage of 1
and 2 (i.e. 20%, 25%, 30% of C60 adducts on the SAM)
as well as the N to S ratio. The latter is obviously related
to the grafting yield since nitrogen originates only from
C60 adducts and sulfur only from 11-MUA. We compared
these values with the experimentally determined atomic
percentages. In Table 1 we place side by side the experi-
mental percentages for 1- and 2-SAM with the theoretical
values which correspond best [24]. For 1-SAM, this com-
parison indicates that about 25% of the carboxylic groups
have reacted with 1 molecules. For 2-SAM, the compari-
son indicates that about 30% of the carboxylic groupshave reacted with 2 molecules (the attenuation of the S
signal by the organic layer has not been taken into
account in the calculation and therefore the experimental
N/S is probably slightly higher than the real one. How-
ever, the 18% error bar estimated for the N/S ratio com-
prises the systematic error deriving from considering the
attenuation of the S signal negligible). The experimental
percentages show an excess of oxygen compared to the
expected value. The exceeding oxygen may originate from
adsorbed water molecules within the ﬁlms, due to the
hydrophilic nature of the C60 chains composed of
poly(ethylene oxide) units [40]. The higher excess of oxy-
gen for 2-SAM than for 1-SAM stems probably from the
fact that 2-SAM surfaces are prepared in water instead of
CH2Cl2 as done for 1-SAM.
3.2. Electrochemical characterization
The electrochemical characterization of 11-MUA SAMs
functionalized with either mono-adduct 1 or bis-adduct 2
was performed by cyclic voltammetry (CV) and electro-
chemical impedance spectroscopy. In the range between
0.4 and 0.7 V, the voltammetric curves relative to 11-
MUA SAM (Fig. 4Aa, dashed line), recorded in DCM/
TBAH, display the mostly capacitive and low intensity pat-
tern typical of highly blocked electrodes. As the potential is
further decreased, a large increase of the cathodic current is
observed that is likely associated to disordering of the
SAM and the subsequent increase of both capacitive and
background faradaic currents due to permeation of the
electrolyte in the ﬁlm. While such an increase in the catho-
dic current sets a negative potential limit within which the
CV investigation of functionalized SAMs can be performed
in the present conditions, it is noticeable that the blocking
properties of the ﬁlm are reversibly recovered upon scan-
ning back the potential to less negative potential. Perform-
ing the functionalization of the 11-MUA SAM by 2, as
described in a previous section, brought about a signiﬁcant
change in the voltammetric pattern, i.e. the increase in the
faradaic current at E 6 0.3 V featuring a shoulder at
0.60 and a peak at 0.80 V (Fig. 4Aa, full line). Fullero-
pyrrolidines and their pyrrolidinium salts, as most of fuller-
ene derivatives, undergo several reduction processes in the
F. Cecchet et al. / Carbon 44 (2006) 3014–3021 3019potential region herein investigated [41,42]. In particular,
trans-2-bis-triethyleneglycol pyrrolidinium bis-adduct, a
species structurally closely related to 2, undergoes two
reversible one-electron reductions at 0.27 and 0.74 V,
respectively (in THF solutions). The large negative shift
of the reduction processes in 2-SAM with respect to the
model species in solution has likely to be associated to
the slow ET kinetics typically experienced by redox couples
attached to the electrode surface via long saturated bridges
[43]. Notice that, in the present systems, the bridging dis-
tance (i.e. number of bonds) between the electrode surface
and the redox centre (fullerene) largely exceeds that of sim-
ilar systems, previously reported, where fullerenes were
either covalently [19,44] or non-covalently [45] attached
onto gold surfaces. The rise of cathodic current in the
CV curve of 2-SAM (the shoulder i at 0.60 V) would then
be associated to the ﬁrst reduction of the fullerene moiety,
with an overall negative shift of 300 mV with respect to
model species in THF solution. By contrast, the subsequent
reduction (peak ii at 0.80 V) would be only shifted, with
respect to the model, by less than 100 mV. This is not
totally unexpected in view of the observed behavior of
11-MUA SAM at negative potential as above described:
disordering of the alkylthiol ﬁlm induced by such negative
potentials would allow a closer approach of fullerene moi-
eties to the electrode surface and then faster electron trans-
fer kinetics [46,47].
Electrochemical impedance spectroscopy (EIS) was used
to gather further information about the blocking character
of the modiﬁed SAM, via the investigation of the fullerene-
centred electron transfer kinetics and the evaluation of the
double-layer capacitance of the modiﬁed electrode, whence
the average apparent thickness of the organic layer can be
estimated [48,49]. In Fig. 4Ab, the out-of-phase component
of the impedance, Z00, plotted vs. the in-phase one,
Z 0  Z00 and Z 0 being parametric functions of the fre-
quency f (Nyquist plot) – is shown as a function of poten-
tial. The incomplete semicircles that rapidly shrink upon
increasing overpotential are associated with the slow elec-
tron transfer kinetics experienced by the redox probe 2 at
the modiﬁed electrode. The spectrum obtained under
open-circuit conditions was ﬁtted using the CNLS method
described by Boukamp [50], giving a value for the charge-
transfer resistance of 1.8 kX [46].
Conﬁrmation of the above attribution of the faradaic
processes in the curve relative to 2-SAM to fullerene-cen-
tred reductions was obtained by comparison with the cor-
responding CV curve for the SAM modiﬁed by
pyrrolidine 1 (Fig. 4Ba). Along with a signiﬁcant increase
of the capacitive current over most of the investigated
potential range, a cathodic shoulder is observed in such a
curve at 0.75 V, i.e. 150 mV more negative than
the analogous process in 2-SAM. This is in line with the
voltammetric behavior in solution of fulleropyrrolidine
vis-a`-vis fulleropyrrolidinium mono- and bis-adducts [41].
Alkylation of the nitrogen atom(s) in the fullerene-fused
heterocycle, and the ensuing formation of the correspond-ing pyrrolidinum salt, does, in fact, aﬀect signiﬁcantly the
electron-accepting properties of fulleropyrrolidines, bring-
ing about a positive shift of their reduction potentials. In
homogeneous THF solutions, model N-TEG trans-2-fuller-
opyrrolidinium bis-adduct was found to be reduced
170 mV earlier than the corresponding mono-adduct pyr-
rolidine, i.e. a shift very close to that measured between
the corresponding SAMs.
Finally, in Fig. 4Bb, the complex capacitances of 1- and
2-SAM, measured at the rest potential, are compared.
Complex capacitance is deﬁned as 1/jxZ, where Z is the
interface (complex) impedance, j =
p1 and x is the angu-
lar frequency (= 2pf). The c-plot emphasizes the interface
response at higher frequencies with respect to the z-plot
[51]. Notice that, in the framework of an equivalent circuit
description of the electrochemical interface [52], a semicir-
cle in the c-plot corresponds to a series RC (resistor, capac-
itor) arrangement where R (RX) represents the solution
resistance, and C (= Cdl) the double-layer capacitance.
Cdl is given by the intercept of semicircle with the real axis.
The prominently blocking behaviour of both modiﬁed elec-
trodes was evidenced by the semicircle observed in the c-
plots in the medium-to-high frequency range. The values
for the double-layer capacitance of 2-SAM and 1-SAM,
as obtained by the ﬁtting of the EIS spectra, were 3.1
and 4.4 lF/cm2, respectively.
As the thickness of the layer is indirectly proportional to
its Cdl (Cdl = ee0/d where d is the monolayer thickness and e
the average relative dielectric constant of the monolayer),
the EIS results indicate that 2-SAM is thicker than
1-SAM. Since XPS showed almost the same functionaliza-
tion yield of 1- and 2-SAM (as discussed before), the higher
thickness of 2-SAM may be ascribed to both a rather com-
pact layer, compared to 1-SAM, and to the presence of the
second tail of 2 which points out from the surface (Fig. 1e).
4. Conclusions
Fullerene mono- and bis-adduct 1 and 2 have been
anchored onto self-assembled monolayers of alkylthiols
on gold, through the formation of an amide bond
between the amine function localized on the chains of
the fullerene adducts and the terminal acid group of the
alkylthiols, as demonstrated by XPS. CV measurements
showed that the redox activity of 1- and 2-SAM is still
detected even through the SAM probably due to the
approach of fullerene moieties to the electrode surface fol-
lowing monolayer disordering at negative potential. Both
XPS and EIS indicated that C60 bis-adducts 2 were
bonded to the surface with one chain, the second remain-
ing free and pointing out from the layer. This conforma-
tion of 2-SAM may lead to the use of such a free
bio-compatible chain to link biological species. Previous
study demonstrated that the trans-2 bis-adduct does not
present haemolytic eﬀects [52] and is poorly cytotoxic
on diﬀerent cell lines [17,52]. The presence of the free
chain bearing an amine as terminal group will permit to
3020 F. Cecchet et al. / Carbon 44 (2006) 3014–3021conjugate this on biological systems (as enzyme, antibod-
ies, proteins) to produce biosensors.
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